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(57) Abstract: A method for preparing a 
positive electrode material for a secondary cell, 
characterized in that it comprises admixing a 
compound liberating a phosphate ion in a solution 
(phosphoric acid H3PO4, phosphorus pentoxide 
P0 5 , ammonium dihydrogenphosphate NH4H2PO4 
and the like), water and metallic iron, adding 
lithium carbonate, lithium hydroxide or a hydrate 
thereof to the resultant mixture, and firing the 
resultant reaction product, to thereby synthesize 
LiFeP0 4 . 
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5 %mftm 

10 ^^"rs2^mmtcn*rs. 

fcl*ViTiEffi#5|Bft^S*U tf>S» (Pnma) (D*£iMftii£WT i F e P 

fifcfetefc^T, ±BBIEffi*mL i FeP0 4 S#J«t5*Stl/Ttt, Mfcfck 
(1) iJ>tI-^8*« [Fe 3 (P0 4 ) 2 -.8H 2 0] h 
20 [(NH 4 ) 2 HP0 4 ] tRft'J^A (LiC0 3 ) &Bf Jttt'riB'&U 

*fcfiJ5*r**tts (fllfcfcf, #H¥9- 1 7 1 8 2 7^#) ; (2) Ifeig^bTi'a. 
^m$c (FeC 2 0 4 ) SffiH* y^jjcSfcT^-tfA (NH 4 H 2 P0 4 ) tfii 
fi&U^A (LiC0 3 ) £ Sm^itT^T?)^ (#12 0 0 0-2 9 4 2 
3 8#&«) ; (3) Fe 3 (P0 4 ) 2 • 8H 2 0<hL i ,P0 4 t*fi^U gift 
25 fa^£minT£ MU^BBft*®ft*&&& 1 0 1 2 p pm & 

TT?^*fr5^ (MM*> #12 0 0 2-1 1 0 1 6 3^«) ; SWISSES 
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(4) L i FeP0 4 ©»aSK:lRbT, I^^SFe 3 (P0 4 ) 2 • 8 
H 2 Oi:L i 3 P0 4 tlI>M»(:<k^i^fflnf«l(ili» : E^-, 

&fr?m tt«te«kDJifc^M»T«tt"b»*anT^<5 (#120 

5 01-15111^8). 

±BB (1) ~ (4) ©#»Tffi38K»fcfc**lK«, V^nt>2^W 

P0 4 ttJfc*fettifiHKT*»K (FeC 2 0 4 ) t>Hs«E»l*«T**fc* 

10 (P0 4 ) 2 - 8H 2 0«> i^iNa 2 HP0 4 tFe (II) S0 4 '7H,0^6 

mtiu<, £7c, *©^J5fc»SfcfcV>T», Fe 3 (P0 4 ) 2 - 8H 2 0^ 

«Mfr&*&3?£fc*. tofts ^fc^hu^A-r^xss^-rsdfcttHan? 

±tf£*C«, a«tlT#^n§Fe 3 (P0 4 ) 2 - 8H 2 0©^i^tM 

figOFe, (P0 4 ) 2 • 8H 2 OtL i 3 PO 4 0l^jlibT#&n5L 
i F e PO 4 «Itt^0, IE«*t»i:bT©igfe^iS<ft:SIHa*«»«. 

20 z<D&5\z, ^mm^nx^tcL i f ePo 4 ©sigm **M&a*iBA 

jW«<fc?K xmmMmvnL i FePO 4 0iIl:feWliiS©U<^i? 
25 8toT, *fgiH a^iiffiiESWL i F e P0 4 §, A^fiT^i 
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10 iEi?g»ItbTOL iFeP0 4 ) l^fe, 

15 2 ©i8«nc«s 2 ^cmmffl jE@#^©mifi^«, m i <Dmm\z& 

25 ^H»K**«fffiSii'*it3&«T#s. cote®, ^Bn^jEm^snommmnm 
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v^t, mm&mm*. ^-mm(Dm^m(Dmm\zmM\vx^^n^z\t^m. 

^mntmmm^mmt<Dmmmm^<^z\t:i)^m\zf3:y), t<Dm\zRm 
taoT^csL i f e p o t&mj&Ttmo&miz&Y) , mm.mom.mz-L i f 

ePO^AOSZ^ J;D^-T^^S-L i F e P 0 4 £JB»T 5 £ 

t%\z, l i f e po 4 n^m±<Dms&%)mmzffi±~?z>z:ttf7?%z>o 

10 *%B^©m4 0tl^^^2^S?l&fflM^0^^^ llOlt^ 
V>T, MIB^i§@«> 0 0*C&V>L4 5 0 "ClcSSffl-i^^ ^ 

Z(Dm4<Dmm\Z&mt, L i FePO 4 <Dl^m^<DM^^^fflI0JL/T> 
15 #5>n<5L i F e F0 4 (DmM>%L : ?*m%Lfc?Z>Z\£&'V%Z> 0 TUt>t>, 

i F e F0 4 <DMJ&7tm<D&mz&V, S«tt^^©»(CL i F e 
PO 4 /^A0&^ J;0^-T^^m-L i F eP0 4 m.€rfa&MJ&'£^Z>Z. 
20 <h#T#£o 

#fgBJ<Z>U 5 <Dmm\Z%% 2 #«MM*m<2$il^*fete> $g 2 3 

25 *^0J©^6©^^§2^«?&fflIE^}(Sf©SJ5S^^ ^5(DM#^43 
ViT, WI3t^oL-^>^t, ^bM^8 Or^e.3 5 0*CO|gffl{cafeD> 
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3 5 owe* 4 5 ccoiefflfc&o* soot: 

T*$>Z>zt&!®m.£TZ>o »«SiV^i:tfc«koT, iOSnfciSSl^WJ 

15 V>T, t&BBtt£#*, 2 5 0*0^5 0 0t)*il©fiflE*K:*^T^*«iB21b» 
^Ol 5 QX:frioftffi^<D%-mMWZ&^T-' ^'fe^W^SUl^ 
l$tl3, £5 £5 0 01CJBU2 8 0 0 < C^T^T(DJn^^ • iJSHi^Tli 

mffilZ&QtiafUkKffctpOL i F e P0 4 ^O^®^jtlC3- in 
20 f&##N££UfcL i F e P 0 4 tfc^MK:#*&&*&&#te*fffl31i:3. 

25 ia*fctt2«^±*, 'pfo< £%m%M&j&ffim\z&ft%>5 o ot^ioMi; 
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ZL<DWmz&nU, JEttW^L i F e P O 4 0 1 ^tf ©^S^^M l^T, 

tit, %M.fr*> 3 o o*cft^b4 5 otifcssie— awspt, Affile* j&fc^T 

*0 fc»UtrrS«*tett, ^2CDH«l0^mfciB^, 4C5LiFeP0 4 ©l 
&tfc^&&¥«fc»lStfbS"t*\ j&v35fc£fc#*ttR*£L i F e PO 

io $ £Ds**&-g*r> #fln*&K:«ko, mm • j»4Mrr*a»«ttiSfc*w 

■£-©5 0 0r^±©Mm^iC43ViT> 7km&&tf/%.r£\%7kft (7k%.tc\t7kM^) 

?*%}mmzm%L{kis'&* ■zztz.m—fr'o&itizmn&Rm&i. i f ePo 4 t 
ism\zminisxmj&&m^ t*>m-^<D^©5 o o *c£A±©jaae« 

25 4©tim©^^iP^, £C£L i F ePO 4 01»»65Cll«t 
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mi¥m. &&mmfrffi\z&vmm&$km*ffi\ti?%mM<DL iFePo 4 ^© 
oro^fflic^D, i)mfrmiz£2>mmMMtUfktf3 5 ot^e>4 5 o'coi&H 

&J;tf/7K# (7K*fc^7K^) \Z&mftZ>Z\}i\zUZ>tc#>. #5n5LiFe 

\z&m-&ft2>o 

X%%f\Z2 5 O'C^iS 0 OX>fcm<DM&i$,\Z%>^TftB%&Z\V. fro 1 5 
Mfi*£fc&V*T, 7m&&tf/*ft (Tjc^fe^TK^m) fc^-TS 

%zn%L if eFo 4 ^±\zffimT%mn&mm<Dffim^m&, je««- 
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^bj^ iCcko t§^ $ nrcmmm LiFePo 4 wfc2 

10 

f^2o»ttii, ^3o«ie@> ^4oi^w, w^cu^mm. ft 

15 03 te^JSM 1 (DU^^t^^wmmm^^rr^^ymm^h^o 
0 5 mmm 1 >M2&nfoo3zwtn&&&^'?ff : 7 7Wft~e& 

So 

25 &So 

01111 ^JSM4CDiE®^©X«ilHl^m&^"r^77gI®T*S. 
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5 $5<5o 

JiTi*S 0 *5fiMte*^T rLiFeP0 4 j ^WHRHUcfflV^Sn* TIE 

15 WMV<\ <Dffi\Z. LiFePO^feO^t^^, LiFeP0 4 fifO 
*®Kll»*tf:&*#WfflLfcttiB^ L i F e PO^^t^*^***®^ 

L iFeP0 4 tt»ftft»iI TOPnma (^U If >S>] tfsm^Wt^W 
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wiEftau^TU >m^ *>&mt8t?z>fc&V3£\sTU. «*.wru >hh 3 p o 

4 , Etlb'J>P 2 0 5 , U>m-7K^T> ; en^ANH 4 H 2 P0 4 , U>«** 

5 -ry^-VA (nh 4 ) jHPO^Sfflv^ctms. ^n^o^-e^^ 

£tlt>\Z&^Tfe, ^r<D7kmyQ&m^2>ZthnSmX&Z> (M%&, L i OH • 
15 H 2 0#) 0 

^V^Ct^tfl,, &mm*. 2 0 0jtxmEn^ £?£b<tel 0 0 umWT 

25 matt, s»ttstttt, #-;i^;k tf-X5;^<H&ffi^, sm^s© 
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©»*^©»#SJK&fli5i$^*c:t^RriBt«:«-^rT?, cn6®»58m 

»asftifc«fcs«i^KrK#:^ i Rj6©iR, m^&mHzn o z\t\z£?) k 

U^AS^Dnbfcftfe, ^^CT$f,}», JSJtSfr^^t^^b 
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F e+2/3H 3 P0 4 + 8/3H 2 0-»l/3Fe 3 (P0 4 ) 2 -8H 2 0 + H 2 t 
1/3H 3 P0 4 + L i OH-H 2 0-l/3L i 3 P0 4 + 2H 2 0 

5 ^Fe 3 (PO 4 ) 2 tLi 3 PO 4 «ncil:j;0, ^COSf&^^L i F 
eP0 4 l:»t5. 

l/3Fe 3 (P0 4 ) 2 -8H 2 0 + l/3L i 3 P0 4 — L i F e P 0 4 +8/3H 2 0 t 

ttifctt* -mz&mzn2>&5te3 o 0-9 0 o c c^m^>^^^*5^t, 
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i?ifn;v^>if>^fi-&#:, ABsm 7x/-;M*», -e©(i&2r#*£&W 
mzntc v^^^s^tfiy^-) ^^w^wtiv^ ^nf»®h , fa-/> 

15 tl^ty^tLTH *Wtfia«*8 0*C^S>3 5 0 "COf&fflftfc: 

S»^fcJ;S«SM*ftffift^3 5 0t:*>6»4 5 0'C©lfiHrt»C»»5> 5 0 

o'cguis o otot£t<£Joii&#8? • «a«K:J;D, *«tt«*s^-r 5%><z> 

SfrCbfcV^ #Kl0c#ftS5 0 0 0 p pm^TT&3ll£#W£L'^o 

#«fc«Mifci*t8& £ o x ££^500 8 0 0 ■CETFSTfomaMfrffi • mi$ 
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wmfrffimmu, &&v<\z5 i o^bus 5 o*c 

x ft ozt z\<Dmt>, vxro*^ *>?T*mm±mm j $>mm&f0km 
nmmn & fx 5 c t * ik # & nziEmttn ©tttt * «fc 0 irj± $ * & c 

25 <h^T#£. 

14 



WO 2004/036671 



PCT/JP2003/013314 



mmmn , mzmm\z£r) mm? s^m^y 9^mm &mkz>&& 
10 \t. fom&Mommzmm?&z\£%T*inT*&z>tf (zwm&^hmifcoiEmvk 

izmmwm'v&&t), & vm-izmfmmm&ffimtsi*:* z 

Z\m*&sT<DW&\Z£2> 0 

^ >trvmm&Mmiftm®n&Wiix\~r% z. t \z& ft»*teifc*0*r t±j^ 
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tut* mzmm^mv, tiam\z&%mmm'p. mm^it^ ^^m^ 
gkmnfikm^m&Mmmtzz) zmmrzm&te, umj&m<Dmn\zz\n*><DWi 

r^fcSfSfc.fcoT^D^L i f e po 4 o^7c^<Di£m^a;D, mm&mmo 

%LmzL i FePO^AO^, £ D^-T^t&^it-L i FeP0 4 M 
ZMffc-T 2>Ltb\Z. L i F eP0 4 &^m±<Dmi&*%}%mzffi±-C&Z>frt> 

10 mtc mm^mmmmn, mx\fmm\z&y)mffi • m^m-r^^y^ 
mm&mz±-£i3®x&z> 0 z<Dm&, mm^m^mm^m<Dmn\zWimv. 

15 *&w<d?s t>\z& *h^mmz&^x\%, m%.m<D7km^7kft ok. imsim 
^mmmzpmz^m^T.tt^zmmvm^mn^^'t^o mm*. & 
&mn<D±mm\zm~z>T. tLittzmzs o otra^i^7*T©is, #f 

20 ^#:Ta5^7KmSrffiVi§^, <£ 5& 3 0 0 ~ 9 0 0 'CfcS 

l&Tt, L i F e P0 4 ^®©m^M^©#5n^TOm> L i F e PO 4 <DMt€ 

m*®&m\zmz\Tz\t&-»im'v&%. 

0 0 e C^T^e»^^TS^*TOMS$gffl(ct>feoT, <fcD$?£L<fe£4 0 
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v>mm (mx&, mtmrnnm^) \zt>tz-Dxmi]wr^z.t^x^^o z\<Dm 
m\z&^x\z, ^<mkmt^mm^. mB^<Dmm%mm\z^z\^ 0 

±mMmm.m\z&tf%mm^<D7km®fommmfe,&& : zo. 1 %^±2 o% 

10 Z*/&tcfe7kfr*ikffilstiitft>mj8.'fZ>t, £C3L i FePO 4 0SMi 

7m^^U7Km^mt}t^^^mmtfsi^z\tmmm^nrzo z. 
15 s&^u^o, ^(D7mm^^vrc7m^mm,m\^rc^T^z\h\z^v) , 

mn&fom&tz\$mftBiz&K>mn&fom*£cn%mn£MM. mso ot« 
±) xmrnt^^iziz^x, ^t>®%7k&xx&mz&Q7i<im£-wt4k8km%: 

7kfr*mmmzmfavwttftz.m&, soox:&L±<DmM.mz^x%, 7M4#x 
25 sj^^j;^t> £v&<<D7km&mmz, fr^mmmiz^tt-z^zctfimmx 
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iot, L i F e P0 4 ©tSS^S3^»jfiK:«I«!lSn*. 
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[*-«»©«ttlftXS], [t**i4&*iim*R©SSin GfiHRfcjSCT, JSC** <f 

*4 (*ra#o ©t&#, ^> aaMSftfrsxe], [frtpg©*Mig] ©jig 
u ynfcm-ry^-v&m) *Kfo^T^m&mw-*&j&vtz.mzm&&t 

20 §7Km§fiJffl-r^>ii<h*>T^§o *•©», — jgCXg&HDjgbTft/t^^fiJg 
rs»#fctt,^XSt^©/ty^©tt^K^^XS*Kl^fc:ff^.*fc«>, 

&±©«k "5 £ LT# £ns#3S^©IEffi#**&&ffi bfe 2 UTtt, 09 

25 £Zl<h;^T?^3o 
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i + ^*>&&mir%z£*%fm£irz>2frnM'v&z> (hi#m). astHma 

*«L i PF 6 , LiCF 3 S0 3 , LiCl O 4 ^0«»R«IS&»#$-&fc«t!R 

25 Ti«igtefc2&«?lUBIEtt*f**L i FeP0 4 $iit5ii:m§, Ufrfc, 
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mnmmjjm*. nw^iit® 2 ^mmmjEmun<omm\zm>x-\r^zm 

5 s &\z. mMmm\z&r>^ &mw*w.izmM\zmw?z>-t)^ ^mtz\n*>\z^ 
mmm 1 

(1) wsmn<omm : 

IE»mL i FeP0 4 ^ ^T©^JHST^bfeo 
10 4.5 gvmtft [3 2 5^-r>a (4 4 Mm) 7>y- (M^ 9 9.9%) : $c5£ 
^ft-7 3|S] \Z, 9.2 9 0 1 g©8 5%H 3 P0 4 (^MmX^^#&M) 

srjn*., &mmmm\z&yMmvfc&z2mmmffiKm-2i±t£ (mm^z^m^ 

mZtltcBCmm*. $&}:»-JV5Jl/T2^W»im 3. 381 

15 g©L i oh • H 2 o^uaxxm^-)v^)vximrm^ff^rco &\z, x 

A#l/-*-T7K#£l&*U ^^-^4»T-SF^^^bfc^ 0. 6 6 
3 0 gO^lfy^ (TH^nftl. 2 5 0t3t*tfb l &) ^SsJPUT^KjT 5^ 

^»a^ffv^ i&sj&£j&% (mf&mmm 
20 ^»T5#iwwtu& <0ato*««frro#>. 

g^ffi^T^ 3 0 0«CKl5I^M«^bfca, 7 2 5tH?l OPflW 

feo ^©^^Bi2~04fc^-ti^ ; n^-ro &f&isnr£iEmttmz, xmmmz 

25 ±D^-Ulf>M»a«ifiSWr*L i F e P 0 4 X&Z> tm^tltco 

£7c, X^HI*f©^, (0 3) Tte&Stfc}&*3^#LTV>fcj^ 
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wt&LW&mnmMto sunlit) #ji,e>n, ^ssfflo^soaeot 
5 nfeo 

Li:Fe:P = 0. 987:0. 989:1 
C 4.35 WM% 
10 (2) 2-frWfa<omU: 

MPTFE (#'Jfh77Maifl/» mt*mmik7:7 0. 6/2 4. 4 
15 gl. 0 cmtflt^l/>y h^EStbfc, 

XT>kxi3-f >mm5—x (i#cr2 032) \z^m^^>m. &m—v 
&mM.m&g>Rn#vx.^u>&mm"t)isX-}* 3501 ot;n*r- Haw * 

20 /'x^l/>^-^-h(Dl/lii^^^»cbTMAb> nOI'jm 
<DM>frV}mm%rcQ<DnWL&m.0 . 5mA/cm 2 HT, 3. 0 V~4. 0 VCOf^Kl 
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%.tc, i o-y-mjimffimM-wtkm^miiZ. 124. 5mAh/gtso, 

*n&&*>W1iaim&* 2 0^^fc»13 1. OmAh/gt&ofc. 
fl»J2 
(1) jEff*m<Z>M8: 
5 JEmttWL i F eP0 4 ^, SrFfl^JHT-frfifcUfc. 

4. 5 gOftft [3 2 5*y*/3L (4 4 nm) T>?~ «S£^ 9 9. 9%) : fefc 
^731] fc, 9.2 9 0 1 g©8 5%H 3 P0 4 (fP3tllIIit^#tl) 

io wsnfesj^* mmmmm mm^-)VB.)W2mmw^^vrc^ 3. 

3 8 1 g(DL i OH • H 2 O^Jn^.TjlM^-;V5;H?ll^MW$ffofcm> 
0. 6 6 3 0 g<D15m\dy?- (TF^rAnftiS • 2 5 OtttWbft) S»ftIbT# 

15 m-v5ftmmm&ftvrc usmm^jKim. 

mf&'&<DiEm$fm (em T«&«fc©i£-*«&^£$«i,Tv>fc. 
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S^«^a (7C*^«T©K**7?»iEL/fcfi) te> 15 6. ImAh 
20 /gTSof;, 

(1) IEff*m©W« : 
IEffi*mL i F ePO^, KTO^HlT'&fifcbfc. 

1. 5g0«» [3 2 5^>r>a (4 4 £tm) T>^- (*6A 9 9.9%) : tfc5£ 
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l if ePo 4 tmmhv<u^:n&mx%\'^)v<D®mx&'Dt£o &m mm 
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